Cell-wall polysaccharides of virulent strains of bacteria play crucial roles in the initial stages of bacterial infections in hosts. As result, researchers have focused attention on the characterization of cell-wall O-antigenic polysaccharides from several bacterial strains. Recently, the structure of the pentasaccharide repeating unit of the O-antigenic polysaccharide of E. coli O166 was reported by Ali et al. 8 This pentasaccharide contains D-glucose, D-galactose, and N-acetyl-D-galactosamine moieties. As the result of the acceleration in the failure of antibiotics to act on multidrugresistant strains of bacteria, the development of alternative approaches to the control of bacterial infections is currently a major area in drug-discovery research. 9 It is therefore relevant to develop therapeutics based on glycoconjugate derivatives related to cell-wall polysaccharide O-antigens, because of their involvement in the process of bacterial infection. Sufficient quantities of oligosaccharides free of biological impurities are required for biological studies, and these cannot readily be isolated from natural sources. Therefore, the development of efficient strategies for chemical synthesis of these oligosaccharides would be extremely useful in providing access to significant quantities of pure oligosaccharides with appropriate structures. In this context, an efficient synthesis of the pentasaccharide repeating unit of the O-antigenic polysaccharide of E. coli O166 has been developed.
The target pentasaccharide 1 was synthesized as its 4-methoxyphenyl glycoside by a series of stereoselective sequential glycosylation reactions of suitably functionalized monosaccharide intermediates. For this purpose, the monosaccharide intermediates 2, 3, 10 4, 11 5, 12 and 6 13 were prepared by following the methods previously reported ( Figure  1 ). Treatment of the known ethyl 4,6-O-benzylidene-2-deoxy-2-(N-phthalimido)-1-thio-β-D-galactopyranoside (7) 14 with triethylsilane in the presence of molecular iodine, 15 followed by acetylation with acetic anhydride and pyridine 16 gave ethyl 3,4-di-O-acetyl-6-O-benzyl-2-deoxy-2-(N-phthalimido)-1-thio-β-D-galactopyranoside (2) in 75% overall yield (Scheme 1).
Stereoselective 1,2-cis glycosylation of the D-galactosyl donor 3 10 with the D-galactosyl acceptor 4 11 in the presence of N-iodosuccinimide and trimethylsilyl trifluoromethanesulfonate 17, 18 in dichloromethane-diethyl ether gave the disaccharide derivative 8 in 72% yield, together with a minor quantity (~8%) of another isomer. Disaccharide 8 was purified by column chromatography and its stereoselective formation was confirmed by spectroscopic analysis. Removal of the allyl ether group from disaccharide 8 by using palladium(II) chloride 19 gave the partially deprotected disaccharide 9 in 75% yield. Stereoselective 1,2-trans glycosylation of disaccharide 9 with the D-galactosamine donor 2 in the presence of N-iodosuccinimide and trimethylsilyl trifluoromethanesulfonate 17, 18 gave the trisaccharide derivative 10 in 74% yield. The exclusive formation of compound 10 was confirmed by NMR spectroscopy. De-O-acetylation of compound 10 with sodium methoxide 20 gave the trisaccharide diol derivative 11, which was selectively 4-O-acetylated through the formation of an ortho ester 21 and subsequent acidic hydrolysis to give trisaccharides 12 in 86% overall yield. Stereoselective 1,2-cis glycosylation of trisaccharide 12 with the D-galactosamine derivative 5 12 as a glycosyl donor in the presence of N-iodosuccinimide and trimethylsilyl trifluoromethanesulfonate 17, 18 in dichloromethane-diethyl ether gave the tetrasaccharide derivative 13 in 68% yield, together with a minor quantity of the trans-glycosylation product (~10%), which was separated by column chromatography. Stereoselective formation of the tetrasaccharide derivative 13 was confirmed by spectroscopic analysis. Selective removal 22 of the 3-O-acetyl group from compound 13 by using sodium methoxide left the internally located 4-O-acetyl group unaffected and gave the tetrasaccharide acceptor 14 in 95% yield. N-Iodosuccinimide-trimethylsilyl trifluoromethanesulfonate-mediated 1,2-trans-glycosylation of tetrasaccharide 14 with the D-glucose thioglycoside derivative 6 13 in dichloromethane gave the pentasaccharide derivative 15 in 72% yield. NMR spectroscopic analysis of compound 15 confirmed that it was formed exclusively. Finally, pentasaccharide 15 was subjected to a series of reactions to remove the protecting groups completely. These reactions included (a) removal of the N-phthaloyl group by treatment with hydrazine monohydrate, 23 followed by acetylation of the resulting amine using acetic anhydride and pyridine; (b) removal of the benzyl ethers and benzylidene acetals and reduction of the azido group by hydrogenolysis over palladium(II) hydroxide/carbon, 24 followed by N-acetylation with acetic anhydride in methanol; and (c) removal of the acetyl and benzoyl groups by treatment with sodium methoxide to give the target penta- In summary, a straightforward strategy has been developed for the synthesis of the pentasaccharide repeating unit of the O-antigen of Escherichia coli O166 by a series of sequential stereoselective glycosylations of monosaccharide intermediates. The glycosylation steps were high-yielding and gave an excellent stereochemical outcome. Similar reaction conditions were used in each of the glycosylation reactions. 
Ethyl 3,4-Di-O-acetyl-6-O-benzyl-2-deoxy-2-(N-phthalimido)-1-thio-β-D-galactopyranoside (2)
Et 3 SiH (1.8 mL, 11.27 mmol) and I 2 (250 mg, 0.98 mmol) were added sequentially to a solution of monosaccharide derivative 7 (2 g, 4.53 mmol) in MeCN (10 mL) at 0-5 °C, and the mixture was stirred at 0-5°C for 40 min. The mixture was then diluted with CH 2 Cl 2 (100 mL) and washed successively with 5% aq Na 2 S 2 O 3 (50 mL) and H 2 O (100 mL), then dried (Na 2 SO 4 ) and concentrated. A solution of the crude product in Ac 2 O (5 mL) and pyridine (5 mL) was kept at r.t. for 2 h. The reagents were removed under reduced pressure and the crude product was purified by chromatography [silica gel, hexane-EtOAc (3:1)] to give a yellow oil; yield: 1. MS-4Å (3 g) were added to a solution of compound 3 (1.5 g, 2.69 mmol) and compound 4 (1.6 g, 3.0 mmol) in anhyd 1:3 CH 2 Cl 2 -Et 2 O (20 mL), and the mixture was cooled to 0 °C under argon. The cooled mixture was treated with NIS (0.7 g, 3.11 mmol) and TMSOTf (15 μL) then stirred at 0 °C for 45 min. The mixture was then diluted with CH 2 Cl 2 (100 mL) and washed successively with 5% aq Na 2 S 2 O 3 (50 mL), sat. aq NaHCO 3 (100 mL), and H 2 O (100 mL). The organic phase was then dried (Na 2 SO 4 ) and concentrated under reduced pressure to give a crude product that was purified by chromatography [silica gel, hexane-EtOAc 
4-Methoxyphenyl (2,4,6-Tri-O-benzyl-α-D-galactopyranosyl)-(1→6)-2,3,4-tri-O-benzyl-α-D-galactopyranoside (9)
PdCl 2 (125 mg, 0.70 mmol) was added to a solution of compound 8 (1.8 g, 1.75 mmol) in anhyd MeOH (25 mL), and the mixture was stirred at r.t. for 3 h. The mixture was then concentrated under reduced pressure and purified by chromatography [silica gel, hexaneEtOAc (4:1)] to give a colorless oil; yield: 
4-Methoxyphenyl [3,4-Di-O-acetyl-6-O-benzyl-2-deoxy-2-(Nphthalimido)-β-D-galactopyranosyl]-(1→3)-(2,4,6-tri-O-benzyl-α-D-galactopyranosyl)-(1→6)-2,3,4-tri-O-benzyl-α-D-galactopyranoside (10)
MS-4Å (1 g) were added to a solution of compound 9 (1. 
4-Methoxyphenyl [4-O-Acetyl-6-O-benzyl-2-deoxy-2-(N-phthalimido)-β-D-galactopyranosyl]-(1→3)-(2,4,6-tri-O-benzyl-α-D-galactopyranosyl)-(1→6)-2,3,4-tri-O-benzyl-α-D-galactopyranoside (12)
A solution of compound 10 (1.2 g, 0.82 mmol) in 0.1 M methanolic NaOMe (20 mL) was stirred at r.t. for 1.5 h, then neutralized with Dowex 50W X8 (H + ) resin, filtered, and concentrated under reduced pressure. A solution of the crude product 11in DMF (5 mL) was treated with MeC(OEt) 3 (0.6 mL, 3.27 mmol) and TsOH (100 mg) and then stirred at r.t. for 2 h. H 2 O (2 mL) was added and the mixture was stirred at r.t. for a further 30 min. The mixture was diluted with H 2 O (100 mL) and extracted with CH 2 Cl 2 (100 mL). The organic layer was washed successively with sat. aq NaHCO 3 (100 mL) and H 2 O (100 mL), then dried (Na 2 SO 4 ) and concentrated. The crude product was purified by chromatography [silica gel, hexane-EtOAc (4:1)] to give a colorless oil; yield: 1 g (86%, two steps); (1→6)-2,3,4-tri-O-benzyl-α-D-galactopyranoside (14) A solution of compound 10 (700 mg, 0.40 mmol) in 0.1 M methanolic NaOMe (20 mL) was stirred at r.t. for 1.5 h. The mixture was then neutralized with Dowex 50W X8 (H + ), filtered, and concentrated under reduced pressure. The crude product was passed through a short pad of silica gel with elution by hexane-EtOAc MS-4Å (500 mg) were added to a solution of compound 14 (600 mg, 0.36 mmol) and compound 6 (225 mg, 0.43 mmol) in anhyd CH 2 Cl 2 (5 mL), and the mixture was cooled to -20 °C under argon. NIS (100 mg, 0.44 mmol) and TMSOTf (3 μL) were added and the mixture was stirred at -20 °C for 30 min. The mixture was then diluted with CH 2 Cl 2 (50 mL) and washed successively with 5% aq Na 2 S 2 O 3 (25 mL), sat. aq NaHCO 3 (50 mL), and H 2 O (50 mL). The organic phase was dried (Na 2 SO 4 ) and concentrated under reduced pressure to give a crude product that was purified by chromatography [silica gel, hexane-EtOAc 
